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ABSTRACT: The queen conch (Strombus gigas) provides important economic, ecological, and societal benefits to local
communities throughout the Caribbean. The species, however, has fallen victim to commercial exploitation and
overfishing in many areas. In Belize, even with restricted harvesting seasons, size restrictions, and regulations set by the
Convention on International Trade in Endangered Species (CITES), harvesting practices have significantly depleted
populations. Marine reserves, including the Glover’s Reef Marine Reserve, were established to protect biodiversity and
maintain populations of Belize’s natural coral reefs. Utilizing size, frequency, and evidence of harvesting (shell notches),
the 2018 Tropical Marine Biology (BSC 3355) course analyzed the effectiveness of this reserve on protecting
populations of S. gigas. Conch inside the reserve were significantly larger than those outside the reserve, a trait important
for reproductive capacity. Population abundance, however, was similar, with few live conch in either area. This finding
provides evidence that queen conch populations in Glover’s Reef Marine Reserve are still threatened by harvesting. It
is suggested that further precautions, regulations, and educational programs be put into place to protect and increase
S. gigas populations in this reserve and throughout Belize.
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INTRODUCTION
The queen conch (Strombus gigas) is part of the phylum
Mollusca and class Gastropoda (Linnaeus, 1758). The
species is characterized by a calcareous shell used to
protect its soft interior, with shell lengths up to 30.5
centimeters (NOAA, 2020a). The shell of a queen conch
is whorl-shaped, with a pink lip indicative of sexual
maturity (Prada et al, 2008; Appledorn, 1988a). Queen
conch are found throughout the Caribbean and occupy a
variety of habitats throughout their life cycle. Populations
have been recorded from Bermuda to Panama, the Gulf
of Mexico, and Barbados, with over 30 islands and
territories included in this range (Theile, 2001).
As larvae, S. gigas shift from passively drifting in the water
to feeding on phytoplankton and macroalgae in seagrass
beds (NOAA, 2015). During this planktonic stage,
mortality is high (Chávez & Arreguín-Sánchez, 1994).
During the first year as juveniles, individuals protect
themselves by burying in soft substrate. Densities in
these seagrass beds can reach as high as 2000 individuals
per hectare (Stoner 1989a; Stoner & Lally, 1994; Stoner
& Ray, 1993). Individuals in this stage prefer shallow
areas with strong tidal currents (Stoner, 1989b). They are
also found in seagrass adjacent to reefs, preferring these
areas for nutrients and protection from predators (Ray &
Stoner, 1995; Stoner & Davis, 2010).
Adult S. gigas can be found in a wider range of
environmental conditions, preferring sandy algal flats
(Stoner & Lally, 1994). Distribution is influenced by
fishing pressure, as conch in these algal flats are more
easily harvested (Glazer & Kidney, 2004). Dispersal
and density vary, with individual ranges as large as 5.98
hectares and depths to 15 meters (Glazer et al., 2003;
García-Sais et al., 2012). However, S. gigas is mostly
limited to shallow areas due to breeding and its reliance
on photosynthetic algae for food. Movement in terms
of reproductive versus feeding grounds is limited and
influenced by factors that impact individual survival,
such as temperature, resource abundance, and predation
(Stoner & Sandt, 1992).
Overfishing is an issue for S. gigas due to its late sexual
maturity and mode of reproduction. Growth of queen
conch is seasonal, depending on water temperatures
and availability of food, and it takes about 3.5 to 4 years
for individuals to reach sexual maturity (Stoner & Ray,
1993). Additionally, conch are not fully mature until over
a year after the reproductive lip has completely formed,
https://stars.library.ucf.edu/urj/vol13/iss2/2

at which point they are estimated to be an average of
23.4 centimeters in length (Appledorn, 1993; Gongora,
2006). These reproductively mature individuals are
essential for population growth and abundance. During
the warmer summer months, adult conch begin to form
aggregations in search for mates (Appeldoorn, 1988b).
Mating and egg-laying in S. gigas are directly related
to the density of mature adults, meaning breeding
aggregations are dominated by older, reproductive
individuals (Berg et al., 1992a). If the density of adults
is too low for these aggregations, reproduction will be
inhibited. This inhibition could result in an allee effect,
meaning reproduction will not occur at a high enough
rate to sustain populations, leading to collapse (Stoner &
Ray-Culp, 2000). Additionally, no mating or spawning
activity has been observed in areas with a mean density
of less than 56 adult conch per hectare (Stoner & RayCulp, 2000). Areas in Belize have shown densities less
than 100 adult conch per hectare, which is below the
reported critical threshold needed to sustain a population,
putting conch at risk of spawning failure or population
collapse (QCEWR, 2012).
Queen conch are harvested to be consumed domestically
and sold overseas. As a result, population density is
decreasing as profit and demand increase (Acosta, 2006;
Ehrhardt, 2008). Belize specifically has one of the largest
conch industries in the Caribbean, with exports peaking
at over 567,000 kilograms in the 1970s (Gibson et al.,
1983). In 1998 alone, Belize fisheries brought in 1.5
million dollars of conch and employed over 3,000 people,
making it a very appealing profession (Huitric, 2005). In
2014, this income increased to more than 4.4 million
dollars (ECOMAR, 2019). Overfishing and population
decline led to stricter controls and fishing regulations;
the quotas for the most recent fishing seasons, however,
have been set at over 363,000 kilograms (San Pedro Sun,
2018; 2019).
Profits from conch come mainly from the meat. The foot
of the conch, which is the muscle used for locomotion, is
the edible portion (BREEF, 2014). Poachers must notch
the shell in towards the tip of the spire to detach the soft
body while it is exposed during movement, allowing the
meat to be harvested from the foot (Figure 1). This notch
is the primary indicator of harvesting. Shells are often
dumped back into the ocean after poaching, but the shell
itself and products made from shell can sell for up to $50
each (ECOMAR, 2019).
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Figure 1. Notch in spire on adult queen conch where muscles
are severed to detach from shell. Length of notch = 5.09
centimeters.
Conch fishing and exports in Belize are primarily
governed by the Belize Fisheries Department (BFD).
Using payment receipts from fishing cooperatives and
licensed fishermen, data is collected each year on the time
and location of harvests, fishing methods, and amount of
conch acquired (Strasdine, 1988). Fishing quotas are set
for each season based on this data, as well as a sciencebased stock assessment. All catches must be reported to
fisheries cooperatives, and once the quota has been met,
the fishing season must close (San Pedro Sun, 2018).
Only certain methods of harvesting can be used (i.e.
SCUBA is not allowed), and possession of diced conch is
prohibited (NOAA, 2015). Once meat from an individual
is completely cleaned, it must exceed 85.05 grams, with
70.87 grams of white meat, to avoid penalties and fines
(San Pedro Sun, 2018; NOAA, 2015). In an effort to
limit harvesting and maintain reproductive populations,
a minimum harvest length of 17.78 centimeters is
enforced, although this is considerably less than the
23.4 centimeters suggested by scientists (Gongora,
2006; ECOMAR, 2019). According to Amanda Acosta,
Executive Director of the Belize Audubon Society,
minimum requirements for shell length and meat mass
in Belize are amongst the lowest in the region (Acosta,
2019). Consequently, these fishing regulations indicate
that immature conch are being harvested and juveniles
are making up the majority of fished populations (Stoner
et al., 2012a; Acosta, 2019).
Traditional fisheries’ management techniques, such as
quotas and fishing limitations, are often strengthened,
and even supplemented, through the use of marine
protected areas (Byers & Noonburg, 2007). Marine
protected areas (MPAs) provide protection for natural
Published by STARS, 2021

and cultural resources occurring in marine environments
and are classified based on the conservation focus and
level, duration, and quality of protection (NOAA, 2020b).
More specifically, “MPA” refers to an area protected
for long-term resource conservation. Marine reserves
in particular are MPAs that are also “no take” zones,
meaning the removal or destruction of all resources
is prohibited (NOAA, 2020b). These areas not only
protect harvestable populations, but also limit habitat
degradation, bycatch, and ecosystem destruction (Byers
& Noonburg, 2007). Most importantly, regulations
set forth by marine reserves can help sustain fisheries
through an increase in the size, density, and diversity of
species within the reserve (Wenzel et al., 2014; NOAA,
2020b).
The level of enforcement within a marine reserve is based
on its protection status. Highly or fully protected reserves
prohibit any industrial activities, including commercial
fishing, whereas minimally protected areas have often
suffered from a lack of enforcement, implementation,
and active management when it comes to conservation
efforts (Cooney et al., 2019). MPA enforcement is left
up to international, federal, state, and territory agencies,
with systems growing more complex closer to the state/
territory level. Different measures are put in place
depending on the goals of that area (i.e. supporting
fisheries, protecting nearshore habitats, etc.) (Davis and
Moretti, 2005).
Belize has established nine no-harvest marine reserves,
as well as “general use” zones where regulated harvest
of conch is allowed under the BFD (Belize Fisheries
Division, Capture Fisheries Unit, Belize, 2013). With an
area of 35,067 hectares the largest of these reserves is the
Glover’s Reef Marine Reserve (GRMR), located off the
coast in Glover’s Atoll. GRMR is one of the country’s
largest no-fishing zones, and it is part of one of the largest
coral reef systems in the western hemisphere (Wildlife
Conservation Society, 2019a). With a total of 800 patch
reefs, the reserve is a critical nursery and feeding ground
for numerous commercially important species, including
S. gigas (Wildlife Conservation Society, 2019d).
Unfortunately, even with regulations and protected areas,
conch are overfished and illegally harvested. In 1996,
the Convention on International Trade in Endangered
Species (CITES) found that shallow water populations
of S. gigas had lower proportions of juveniles relative to
adults, putting the population at risk of spawning failure
(CITES, 2003). In 2003 and 2004, CITES threatened
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to suspend the export and trade of queen conch in
several Caribbean countries, including Belize (Acosta,
2006). Data collected from 1997 to 2004 showed that
adult populations in no-take zones of the GRMR were
declining, and it is thought that this trend was due to
a lack of enforcement and regulation at the reserve
(Acosta, 2006). With these data, CITES called for more
assessments, surveys, and management plans to improve
stock populations and lessen the impact of fisheries
(Acosta, 2006).
In an effort to assess and improve marine reserves in
Belize, several programs have been put into place. The
Glover’s Reef Research Station (GRRS), operated by
the Wildlife Conservation Society, has provided the
means to conduct research throughout the area, and
it is the home of the Belize Fisheries Department’s
GRMR headquarters (Wildlife Conservation Society,
2019b). Research conducted at the GRRS is focused on
enhancing the management effectiveness of the GRMR
(Wildlife Conservation Society, 2019b). In addition, the
GRRS aims to promote research, training, and education

that can be applied to other reefs and protected areas,
as the issues of illegal harvesting, overfishing, and loss
of biodiversity are widespread (Wildlife Conservation
Society, 2019b). However, evidence has shown that
poaching could still be taking place in protected areas, as
well as during the months when fishing is prohibited. In
2017, over 4,000 kilograms of out-of-season conch was
confiscated by the BFD (San Pedro Sun, 2018). In 2019,
Gongora, a BFD Fisheries Officer, reiterated the concern
towards illegal conch fishing after the 2018-2019 the
season closed two months early, prohibiting any further
harvests that season (Gongora, 2019).
Our research was designed to determine if the marine
reserve at GRRS was effective. We monitored conch
habitats inside and outside of the reserve immediately
after the closure of the 2018 harvesting season. We
asked: 1) Did conch numbers, including the queen conch
S. gigas, differ inside versus outside of the reserve?, 2)
Were live conch significantly larger in the reserve?, 3)
Were there more notched conch outside the reserve?, and
4) Were shells reused by hermit crabs?

Figure 2. Map of research site depicting size and location of conservation zone (pink triangle) within the atoll, as well as
the overlap between seasonal closure zones with the spawning aggregation site. The wilderness zone where no activities are
permitted is depicted by a green circle within the conservation zone. [Photo Credit: Wildlife Conservation Society]
https://stars.library.ucf.edu/urj/vol13/iss2/2
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METHODS
This study was done in and within 1000 meters of
Glover’s Reef Marine Reserve located within Glover’s
Reef Atoll in Belize, Central America (Figure 2). The
area was surveyed between the dates of 2 July 2018 and
9 July 2018. The 2018 S. gigas harvest season ended
only two days earlier on 30 June 2018. Our dates were
selected to minimize other biotic and abiotic effects on S.
gigas inside versus outside the conservation area.
Replicate band transects (100 meters long, 2 meters
wide) were undertaken in shallow water (0.5 – 1.5
meters deep) in sandy, algal flat habitat. 15 transects were
surveyed inside (green circle, Figure 2) and 15 transects
were surveyed outside (pink triangle, Figure 2) of the
reserve’s boundaries. Teams of two snorkelers swam the
length of each transect searching for conch. After an
individual was located, one researcher determined the
conch species, shell length, determined if the shell was
notched, and, if the original conch no longer inhabited
the shell, if there was a new inhabitant (e.g., hermit crab).
Inhabitance was classified as one of four types, if present:
live conch below the harvest limit of 17.8 centimeters,
live conch above the harvest limit, empty, or hermit crab.
The second member of the team recorded the data on
a dive slate. This information was then transferred and
organized into a Microsoft Excel spreadsheet. One-way
ANOVAs were then used to determine whether there
were differences in abundance and shell length of S. gigas
inside versus outside the reserve.
RESULTS
There were 468 conch shells recorded during our surveys.
The species diversity of conch (alive or shell only)
included: 462 queen conch, 4 milk conch, and 2 whelks.
Only one milk conch was found inside the reserve; the
other milk conch and whelk conch individuals occurred
outside of the reserve. There were 201 queen conch
shells inside the reserve and 261 outside the reserve. Of
these, only 21% contained a live queen conch inside the
reserve and 31% contained live conch outside the reserve.
Hermit crabs inhabited 15 queen conch shells (6 inside
and 9 outside the reserve). There was no statistically
significant difference in abundance of live conch inside
and outside of the reserve (ANOVA: F(1, 29) = 0.71, p =
0.41, Figure 3). When converted to hectares, there were
175 live conch per hectare inside Glover’s Reserve versus
240 live conch per hectare outside the reserve.

Published by STARS, 2021

Figure 3. Mean abundance (± S.E.) of live queen conch
found inside versus outside the reserve.

Figure 4. Shell length in centimeters (±S.E.) of live conch
found inside versus outside the reserve.

Figure 5. Shell length in centimeters (± S.E.) of notched
conch found inside versus outside the reserve.
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Live conch found inside the reserve were significantly
larger (mean shell length ± S.E.: 19.2 ± 0.9 centimeters)
than those individuals found outside the reserve (16.6 ±
0.4 centimeters; ANOVA: F(1, 122) = 8.32, p = 0.0046,
Figure 4). We counted 73 harvested conch with a notch
on the conch shell whirl inside the reserve and 106
outside the reserve. Notched (harvested) conch inside
the reserve had a significantly greater shell length (25.2
± 0.4 centimeters) than those individuals found outside
the reserve (22.8 ± 0.3 centimeters; ANOVA: F(1, 181)
= 22.26, p < 0.0001, Figure 5).
Size classes inside and outside the reserve were also
compared (Table 1). Live conch had similar numbers
in each size class except in the 9-18 centimeter and 2736 centimeter ranges. The legal limit for harvest is 17.8

centimeters and the minimum size for reproduction is
23.5 centimeters; individuals larger than 27 centimeters
were only encountered inside the reserve (Table 1).
Outside the reserve, we found more than twice as many
sub-harvest size conch in the 9-18 centimeter range than
inside the reserve. No conch over 36 centimeters were
encountered in our monitoring (Table 1). A 2-factor
Chi-square test found significantly greater sizes within
the reserve (χ2 = 11.09).
The content of the conch shells found were also recorded
(Table 2). Live conch were found in 26.8% of total shells,
69.9% of the shells were empty, and 3.2% of the shells
were colonized by hermit crabs. The occurrence of hermit
crabs in conch shells did not differ inside and outside of
the reserve (Table 2).

Table 1. Distribution of sizes of live conch found inside and outside the reserve.

Table 2. Differences in the content of the conch shell inside versus outside the reserve.
Limit = harvest limit of 17.8 centimeters for queen conch.
https://stars.library.ucf.edu/urj/vol13/iss2/2
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DISCUSSION
These findings are important for understanding the
effectiveness of the marine reserve and the conditions of
conch populations in waters surrounding Glover’s Atoll
(Figure 6). Despite the limitations due to the nature of
the data collection methods and length of study, our
results indicate that the Glover’s Reef Marine Reserve
is effective in terms of conch size in relation to fishing
regulations. However, the results also indicate that
the reserve is not effective in maintaining population
abundance, a necessary factor for reproduction.
Studies suggest that marine reserves are successful in
sustaining marine species. Overexploited species tend to
recover after the establishment of a marine reserve, and
due to bans on fishing or other invasive activities, marine
reserves often have resulted in increased biomass, density,
size, biodiversity in these species (Wenzel et al., 2014).
Individuals tend to grow larger and older in reserves,
allowing for higher rates of reproduction and possibly
the migration of reproductive individuals to areas outside
of the reserve (Wenzel et al., 2014). However, as we have
seen with the conch populations in the Glover’s Reef
Marine Reserve, marine reserves are only one tool for

marine conservation, and they should be used in addition
to the traditional management tools, such as fishing
restrictions and size regulations (Wenzel et al., 2014). In
addition, these management practices must continually
be improved and implemented to ensure populations are
truly benefiting from them.
Complementary studies suggest that size regulations,
although followed, may not be benefiting populations as
predicted. For example, Acosta (2006) presented a case
study in response to the CITES threat to halt trade of S.
gigas. This study was meant to examine fishing impacts,
effectiveness of existing regulations, and potential for
population recovery in the no-fishing zones of the
Glover’s Reef Marine Reserve. From 1997 to 2004, data
on shell length and lip thickness were collected quarterly.
Juveniles were distinguished from adults based on the
presence of this reproductive lip, and presence of egg
masses or mating occurrences were also recorded. While
the results of these surveys showed a significant increase in
the density of adult conch in the no-take zone since 1998,
there were sharp declines in adult density in 2003 and
2004. This trend was attributed to a lack of enforcement
by the GRRS, as deep-water habitats were not successful

Figure 6. Distribution of live conch according to size ranges. Red indicates size classes for conch below the legal harvest size,
while green indicates conch size classes above the legal harvest size of 17.8 centimeters.
Published by STARS, 2021
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for conch aggregations. Much like those surveyed in our
study, the conch inside the no-take zones were larger, but
the density was similar in both areas. Estimated adult
meat weight for the studied conch was approximately
twice the legal standard of 85 grams. In addition, about
38% of conch in the reserve in any year were juveniles.
Acosta (2006) concluded that even population increases
were not enough to compensate for the amount of fishing
occurring in the area, calling for increased regulations
to lessen the number of juveniles harvested and thus
increase reproduction. A second example is the Glover’s
Reef Long-Term Atoll Monitoring Program (LAMP).
Similar to our study, LAMP was established to collect
data on various species, including S. gigas and the algal
flats habitat associated with them. The goal of LAMP is
to determine whether the reserve and its management
are successfully sustaining populations of commercially
exploited species. Unfortunately, these data were not
publicly available.
Chan (2013) carried out conch surveys in August 2009 in
Belize’s Sapodilla Cayes Marine Reserve, approximately
93 kilometers from Glover’s Reef Atoll. Data was
collected on population abundance, distribution, and
individual sizes in conservation versus general use zones.
The number of individuals recorded in the conservation
zone was almost four times more than that in the general
use zone, with 20.1 juveniles and 2.9 adults per 100 m2
compared to 5.3 juveniles and 0.6 adults per 100 m2,
respectively. More individuals over the 17.8 centimeters
legal limit were also found in the conservation zone.
However, the juveniles in the conservation zone made
up around 87.5% of all individuals. In addition, no
individuals in either area reached more than 18.5
centimeters in length, which is significantly less than
the 23.4 centimeters estimated length at reproductive
maturity. Chan (2013) concluded that more effort should
be put into protecting spawning populations of S. gigas,
with marine reserves being the most promising way of
doing so.
In the Bahamas, Stoner and Ray (1996) tested the
perceived benefits of marine reserves on queen conch in
the Exuma Cays. Separate adult and juvenile surveys were
conducted. These surveys revealed significant differences
between adult conch populations in the marine reserve
and those in surrounding areas; adult abundance in the
marine reserve was 31 times higher than that outside
of the reserve. Additionally, adult conch were up to 15
times larger in the reserve. Conch in the marine reserve
were also found to have thicker reproductive lips on
https://stars.library.ucf.edu/urj/vol13/iss2/2

average than those outside of the reserve. However, in
a study approximately 6 years later, Stoner et al. (2012b)
found declines in conch populations in the same reserve.
The authors reported that reproduction in certain adult
populations is rare due to the low overall abundance
of adult conch and overfishing in the area. They thus
suggested that marine reserves consider management,
quotas, and preservation of conch stocks to help reach
conservation goals.
Thirty years before we conducted our survey, Strasdine
(1988) compared mean shell lengths of S. gigas throughout
the Caribbean based on the published literature. She
reported mean shell lengths under 20 centimeters only in
Venezuela (19.8 centimeters), and between 20.4 and 22.1
centimeters in Belize, the Virgin Islands, and Bimini.
Only in Puerto Rico and St. Croix were the mean length
of S. gigas shells greater than the minimum size for
reproduction at 24.1 and 24.2 centimeters, respectively.
Strasdine (1988) concluded that size limits are the
most important factor for managing conch populations
and that a regulation prohibiting the harvest of nonlipped individuals would be most effective in sustaining
reproductive populations.
These findings, depicted in Figure 7, not only stress the
idea that mature conch are closer to the 23.4 centimeters
estimate established by Gongora (2006), but they also
provide insight into how harvest regulations measure up
to these adult sizes. Figure 8 shows the minimum length
for harvest in various countries throughout the Caribbean.
Out of the 13 countries for which data was supported by
NOAA (2015), only one promotes a minimum harvest
length greater than 23.4 centimeters, supporting the idea
that immature conch are being harvested. Furthermore,
Belize in particular shows the most deviation from the
minimum length at maturity. Unless size regulations are
taken into account, as suggested by Strasdine (1988),
these populations will continue to decline without the
necessary adult density.
The results presented in these cases and others, are very
similar to those we saw from our study on the Glover’s
Reef Marine Reserve. While reserves may be effective in
terms of conch size, current regulations allow fishermen
to harvest conch before they are capable of reproduction,
and this practice greatly impacts overall abundance. The
current size for harvesting in Belize (17.8 centimeters)
should be greater than the minimum size for sexual
reproduction (23.4 centimeters). In addition, there
is some overlap between the queen conch mating
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Figure 7. Average size for adult queen conch throughout the Caribbean compared to the estimated average length at maturity.
Based on data reported by Strasdine (1988).

Figure 8. Minimum harvest length for S. gigas throughout the Caribbean compared to the estimated average length at maturity.
Based on data reported by NOAA (2015).

Published by STARS, 2021
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season (April to October) and the conch harvesting
season (October to June). This means that spawning
aggregations may be disrupted, but the individuals
being harvested are a crucial part of the reproductive
population. It is estimated that 70% of remaining conch
populations are juveniles, which limits the size of mating
aggregations in terms of the number of available mature
conch (NOAA, 2015). This, coupled with high quotas,
results in a reduced adult population abundance, which
can ultimately lead to spawning failure and population
collapse.

and more sustainable fishing practices.
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CONCLUSION
The Glover’s Reef Marine Reserve is effective in the sense
that conch inside are larger and are thus able to reach
reproductive maturity and provide the adult individuals
imperative to mating aggregations. However, due to
the nature and numbers needed for these aggregations,
and a lack of enforcement outside of the reserve, there
is not enough population growth to show a significant
difference in abundance when compared to the areas
outside of GRMR. Conch outside of the reserve are
not guaranteed to reach reproductive maturity before
harvest, which could ultimately lead to a decline in this
resource. Poaching within the reserve and other illegal
activities could also contribute to population declines,
but the primary issue is that, unless coupled with
accurate and successful fishing management, the efforts
set forth by the marine reserve will not be enough to
sustain the conch stock over the long run. Improvements
must be made to fishing practices and size regulations to
complement the work done by the reserve and improve
the conservation and sustainability of the species.
In Belize and in the GRMR specifically, conch
populations would benefit from increasing the minimum
size required for harvest and lowering future quotas
to increase adult population abundance. In addition,
further studies should be done to continually evaluate
the effectiveness of the reserve and methods of fishing
management. Programs should also be put into
place to bring awareness to fishing pressures and the
anthropogenic impacts on conch populations. Presenting
alternative means of income for people could lessen
financial pressures, decrease the desire to fish, and allow
conch populations to become a sustainable resource for
future generations. In addition, better practices outside
of the reserve could lead to a higher success rate of
conservation efforts within the reserve, overall resulting
in better protected ecosystems, increased populations,
https://stars.library.ucf.edu/urj/vol13/iss2/2
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